Electric integration is a topic discussed and promoted worldwide due to the advantages for the countries involved. In order to enjoy these advantages several countries, mainly in Europe, have created regional electricity markets. For South America countries the creation of a regional electricity market is still a distant option due to economic and social asymmetries and, especially, because of incompatibilities in the regulatory framework and in energy trading mechanisms. This paper aims to analyze the electrical integration process in the South America, concentrating in Brazil the central focus of the analysis. The main constraints of Brazil's regulatory and electricity trading model are also analyzed, highlighting that the last restructuring process of the electric sector (2003)(2004) has defined a commercial model where financial contracts of "physical guarantee" are traded and not electricity itself, and where the power plants do not have autonomy over their production. The characteristics and specificities of the Brazilian model determine boundaries and conditions that must be considered to enable international electricity trade.
Despite of these difficulties, Brazil has interconnections with Paraguay (Itaipu Binacional), Argentina (frequency converters in Garabi), Uruguay (frequency converter in Rivera) and Venezuela (transmission line between Roraima and Guri). These projects were developed under particular solutions for taking advantage of specific opportunities, without the support of a strategic integration policy of Brazil with the other countries.
Additionally, some electric integration projects are in the discussion agenda. Among them are:
 The construction of a new frequency converter and a transmission line to enhance the energy trade capacity between Uruguay and Brazil;
 Two binacional hydroelectric plants, Garabi and Panambi, on the Uruguay River on the border of Brazil and Argentina: these projects are at the engineering and environmental studies phase;
 A binacional hydroelectric plant with Bolivia on the Madera River: this project still at preliminary state of discussion;
 A hydroelectric plants in Peru for supplying the domestic market and selling the surplus to Brazil;
 The construction of hydroelectric plants in Guiana and in Bolivia for exporting part of the generated energy to Brazil, these projects still in preliminary state of discussion.
This paper aims to understand and analyze the electrical integration process in the South American region, positioning Brazil in the central focus of the analysis. It is divided in four sections besides this introduction. The first section examines the main electric matrix characteristics and the Brazilian potential for electric generation using just local resources. The second section analyses the Brazilian commercial model pointing out the restrictions to a full electric market integration. The third section describes the Brazilian electric integration experiences and discusses the possibilities for importing and exporting energy in the current context. Finally, the conclusions, which considers that the electrical integration with direct participation of Brazil is more feasible for binational projects and short-term surpluses exchanges due to the differences between the Brazilian business model and other South American country models.
THE BRAZILIAN ELECTRIC SYSTEM
The objective of this section is to present the main characteristics of the Brazilian electric sector. The electric matrix is presented as well as the expansion forecasts. Considering these elements is a key condition for analyzing the electric integration possibilities of Brazil with the other South American countries.
The Brazilian electric matrix
The Brazilian Electric System (SEB for its acronyms in Portuguese) had an installed capacity of 139,8 GW in 2014 (MME, 2015 . The National Interconnected System 1 (SIN for its acronyms in Portuguese) has an installed capacity of 128,4 GW 2 in the same year, as shown in Table 1 . The difference of the SEB and SIN installed capacity are systems installed in isolated areas mainly in the North Brazilian Region (Rain Forest). Source: Ministry of Mines and Energy (MME) (2015, p.10) 1 SIN interconnects all major consumption centers, as well as the basins where are installed the main hydroelectric plants. 2 The remaining installed capacity is divided by: isolated systems 1,3 GW and 10,1 GW corresponds to private installations for self production, especially industries.. . In 2014, the total energy generated in the SEB was 624,2 TWh and 566,7 TWh were consumed in the SIN (MME, 2015) . Analyzing by source of generation is showed the predominance of hydroelectric generation for supplying the SIN, even considering the ongoing modification of the Brazilian electric matrix and the hydrological drought cycle that started in 2012. According to Table 2 , in 2014, 71% of all energy used in the SIN came from hydroelectric power plants, meanwhile the thermal generation plants were responsible for 24,1% of the energy supplied to the SIN. This is an evidence of the increasing importance of the thermal generation in the Brazilian electric matrix.
Source

SIN
It is still worth to consider the importance of wind energy, in 2014 this source supplied 2,2% of the SIN while the nuclear generation represented 2,7% of the SIN energy. Source: Ministry of Mines and Energy (MME) (2015, p.7) In normal hydrology, the dispatch of the SIN usually met the demand mainly with hydroelectric plants. The difference was supplied by null variable costs plants (co-generation and wind) and power plants that has contract obligation for minimum generation (inflexibility), like the two nuclear plants (Angra I and Angra II) and thermoelectric plant with take or pay fuel contracts. Most of the time the thermal power plants were used as system backup.
However, as shown in Table 3 , since 2012 the thermal generation is becoming more representative, partly due to contextual factors and partly due to structural factors.
The contextual factors refer to the hydrologic crises that Brazil is facing since 2012, which led the National Independent System Operator (ONS for its acronyms in Portuguese) to dispatch thermal plants for long periods.
Since that time, the dispatch time of thermal power plants was greater than the original expected time, stated in the auction statements. For instance, between 2012 and 2014, the dispatch time of a thermal plants contracted in the 2007 auction was greater than the overall fifteen years of estimated operational time stated in the original project contract. This operational stress imposed several technical and maintenance problems (CASTRO et all, 2014) .
The structural factors are related to the electric matrix change, due to the difficulties to obtain environmental license for the construction of new hydro power plants and because new hydro projects are run of the river plants with small dams that has storage capacity for just few days. The run of the river hydro power plants are more environmental friendly, but they also reduce the regulating capacity throughout the year because it reduces the reservoir size. This lower ability to regulate the system determines the need of complementary sources, mainly for supplying the energy demand during the dry season (CASTRO et all, 2012) . In this context, the Brazilian electric matrix needs complementary sources with a greater participation of other sources in the annual energy generation, among these sources are the thermoelectric plants that uses fossil fuel, as shown in Source: ONS (2015,a) The Brazilian transmission system has more than 100 thousand Km of high tension lines and was originally constructed to allow the optimization of hydropower generation, through the exchange of large blocks of energy over long distances. The complementary optimization hydro resources effect is one of the reasons Brazil has only one system operator.
As the run of the river hydropower plants are inserted in the generation capacity and considering the demand increase, the ONS will have to operate the existing dams promoting a greater variation on the dams water level in short periods of time (CASTRO et all, 2012) and, consequently, there will be greater need for complementary sources to hydroelectric plants.
Energetic potential and perspectives for the electric matrix.
The official planning agency named Energy Research Company (EPE for its acronyms in Portuguese)forecasts a significant increase in consumption during the coming years 3 , this demand will be supplied exclusively using domestic generation plants. Although there is a wide diversity and quantity of natural energy resources to be used in reasonable scale and with economic feasibility, Brazil will need to import fossil fuels for thermal power generation, particularly in the form of liquefied natural gas (LNG).
The expectation of the Ten Year Plan for Energy Expansion (PDE 2023), prepared by EPE, considered firstly the 30.043 MW (EPE , 2014;  . p 80 ) projects already contracted in auctions entering in operation between 2014 and 2018. The additional energy to meet demand until 2023 (estimated at 41.044 MW 4 ) would be supplied mostly with the construction of new hydroelectric power plants (14.679 MW), followed by thermoelectric plants (7.500 MW) and from alternative energy sources (wind, co-generation from biomass and small hydro plants),
The hydro potential is mainly concentrated in the Amazon biome and, therefore, the Brazilian energy frontier is expanding toward the Amazon, with the construction of large hydropower plants ( CASTRO , 2007) 5 . It is estimated that by 2023 the northern part of the country will have a expansion of generation capacity of 30.504 MW over the existing 14.506 MW in 2013 (EPE, 2014 p.78) . Most of this expansion will take place with run of the river hydropower plants that will require complementary generation.
The PDE 2023 also predicts a major expansion of thermoelectric plants, 7.500 MW between 2019 and 2023. The expansion of thermal power generation depends mainly on the availability of fossil fuels, primarily the There are also projects at the environmental licensing phase, the largest of them is the Tapajós complex, with a capacity of over 11.000 MW. The hydroelectric potential in the Amazon basin is estimated in more than 100,000 MW, this magnitude determines the priority of the government's energy policy to maintain strong investments in hydropower in this region. This decision is subject to obtaining environmental licenses in periods consistent with the need in order to meet the growing demand. availability of natural gas. The supply of natural gas in Brazil depends on three factors: domestic production, imports through the Bolivia-Brazil gas pipeline and the Liquefied Natural Gas (LNG) imports.
Although the national production that is expected to increase 170% until 2023, the Fig.1 shows that the supply of natural gas in Brazil will still depend on imported resources, both from Bolivia through the pipeline as well as LNG imports. The increase in power generation using natural gas is not only a feasible alternative but is a must, considering the changes in the Brazilian electric matrix where thermal generation will have a key role. As an example of the importance of thermal sources, in the auction held in April 2015, to be available in 2020 (referred to as A-5 Auction), a thermoelectric plant of 1.515MW which uses imported LNG 6 , obtained a supply energy contract offering electricity with price of 70,63 USD/ MWh 7 (ANEEL, 2015,a) In relation to other renewable sources, the EPE forecast an important increase of wind participation in the electric matrix. Since 2005, Brazil began to explore its great wind potential, estimated in 350GW (IEA, 2014,p.391) , and the costs reduction has exceeded the most optimistic forecast. The wind projects have revealed the competitiveness of this source. Brazil auctions have already hired more than 7.000 MW of installed capacity of wind power to start its operation between 2016 and 2020 (ANEEL, 2015 a). Given the current price scenario and the existing wind potential in Brazil, the trend is that the hiring of wind project will remain intense in the coming years.
In addition to hydropower, thermal with natural gas and wind, Brazil also has another option with competitive costs. It is the co-generation using residual biomass from sugar cane. The technical potential for generating electricity using this source would allow to offer 7.7 GW until 2023, from which 1.4 GW will start its operations until 2018 (EPE, 2014; p. 90) For solar energy, the installed capacity is still very small. However, there is a growing interest in developing the necessary conditions to the participation of this source in the Brazilian electrical matrix. In fact, on the auction held in October 2014, were contracted 889.6 MW of solar energy with an average price of 54,51 USD/ MWh 8 (ANEEL, 2015 a)
The PDE 2023 does not consider any increasing in the electricity importation. However, this position does not mean that international projects involving energy imports cannot be developed 9 . These projects may be incorporated into the planning but would be directly conditioned to negotiations that will allow the hiring of firm energy by the Brazilian market. Until now, there is not consistent study to enable medium and long-term import contracts in the current Brazilian regulatory environment.
THE BRAZILIAN BUSINESS MODEL
The Brazilian business model, unlike other countries in the region, does not allow the trading of physical energy. The trading of energy is through financial mechanisms that not necessarily involve physical delivery of energy from the generation company. The agents must buy or sell contracts representing a guarantee a "physical guarantee" and not energy itself. The logic behind this mechanism is that an individual generator does not have the responsibility to meet consumer demand, because it does not have the empowerment over its own generation unit. It is the responsibility of the Brazilian ISO (ONS) to dispatch all the generation assets in an optimal and centralized way 10 .
This business model was designed to deal with the singularities of the Brazilian electric system, predominantly hydroelectric, in a business environment that, from the nineteen's, went through a liberalization process with the introduction of market mechanisms for energy trading.
The problem by that time refers to the short-term prices of energy in a system that produces electricity essentially with fixed costs, basically hydropower plants.
It is easy to demonstrate that a price equal to zero can occur in industries where production is based on fixed costs and where the products are traded in a competitive market. Prices may be zero because: (i) in competitive markets price is always equals to the marginal cost of the least efficient producer; and (ii) the marginal cost of an industry that produces only based on fixed costs is zero. In this sense, if the Brazilian business model were based on a spot energy market, prices would be, for large periods, very low or even zero, becoming significant only in times of water shortages. If generator revenues were formed based on spot market prices they would not be enough to pay all the production costs for long periods, especially when hydrology were favorable. However, the competition focus is not in the physical power market, but in a market for financial contracts of "physical guarantees" 11 . The new dynamic for energy auctions makes the long-term contract prices to converge to the average cost of energy. Additionally, by offering long-term contracts with highly predictable revenues and indexed to inflation, the National Bank for Economic and Social Development (BNDES for its acronyms in Portuguese) offers long-term financing using project finance mechanisms for all the winning projects. The main guarantee of the financial contract is the future cash flow of the project based in the produced energy.
The "physical guarantee" that is the fundamental characteristic of the SEB. There are not energy contracts, but energy guaranty contracts. This way, each power plant, regardless of the source, receives from the Ministry of Mines and Energy (MME) certificates that can be traded with consumers through contracts. These certificates represent, using a specific rule, the entireness or a fraction of the energy that the power station could produce. The certificates are calculated by an official methodology that consists in modeling the optimized operation of the SIN, with all the projects already contracted and the new projects that want to participate in an auction. The aim of this model is, in a first step, to calculate the highest load that the system (critical load, or system physical 8 Using the exchange rate of December 25, 2015 informed by Brazilian Central Bank, 3,95 R$ per US dollar. guarantee) could meet given a safety criterion (5% deficit risk in any given year) and other conditions for an economic operation.
In a second step, the critical load of the system is divided between all the modeled production units. The share corresponding to each generator is their "physical guarantee", which corresponds to the energy certificates that can be traded with consumers through contracts.
The business model has proven to be adequate for ensuring the correct operation of the Brazilian electric sector, it gives economic signals for capacity expansion at low costs using the auctions to expand the supply for the regulated market.
The entire model is based on the concept of "physical guarantee ", which is consistent when the generation units are represented as a closed system, operated in an optimal and centralized way. No other country in Latin America adopts a business model similar to the Brazilian one.
Given these technical and commercial characteristics, the Brazilian electrical integration with neighboring countries will not occur, using the same model as in Europe, which consists of a common energy market responsible for defining the generation of each plant, the energy prices and the energy exchanges. In fact, the Brazilian model does not makes sense if it is not possible to represent the generation resources and the energy demand in a closed system, optimized in a centralized form.
Although Brazil has abundant alternatives for generating electricity using domestic resources and has a model that allows to expand the supply minimizing the costs. Even considering the difficulties and limitations for implementing a truly integrated energy market in South America, the growing need of firm energy and the present shortage of national natural gas create opportunities for energy integration.
On the one hand, seasonality of water flows between the hydrological regimes in the Southeast / Midwest (where are localized the dams with greater water capacity) and the hydrological regime in the south and the Amazon region (EPE, 2014; p. 84) enhance the economic feasibility of binational projects with Bolivia 12 and Argentina
13
On the other hand, the growing need for natural gas at competitive prices has created opportunities for importing LNG for supplying electric generation. In addition, some neighboring countries companies with gas availability 14 has showed interest in investing in the Brazilian electricity market by building fired power plants.
ELECTRIC INTEGRATION
In this section are analyzed the existing experiences of electrical integration between Brazil and its neighboring countries, also are pointed out some future electrical integration possibilities.
Integration Experiences of Brazil
There are a consistent technical and economical reasons that pushes the international integration of electrical systems. For example, the integration of different generation matrixes and different seasonal consumption profiles allows the optimization of available resources, offering benefits for all the parties involved. Even the simple shared use of sources can allow economy of scale. However, the technical benefits of electric integration are maximized only when it is possible to establish common and solid trade rules. The harmonization, or at least the compatibility, of regulatory and trade rules is the basic assumption for a joint optimization of electrical resources between countries.
Regarding Brazil´s position in the regional electrical integration process, as previously analyzed, has to be consider that the energy trading mechanisms were designed in a closed format, and also planed and operated in a centralized way. Therefore is not suitable for a full-integrated market scheme.
Even considering these structural constraints, Brazil developed special business model to import and export energy with Paraguay, Argentina, Uruguay and Venezuela.
The electric integration experiences between Brazil and its neighbors have been designed in its operational and commercial aspects to function properly in the Brazilian model. For example, although Itaipu was built long before the new model has been established (2004), the trade of energy for this plant had to be adapted to the new logic of the business model. Thus, Itaipu Binacional is part of the optimized dispatch of energy on the Brazilian system, which includes not only the supply of the domestic market, but also Paraguay's energy needs, which has different market arrangements than Brazil.
The original energy import contract from Argentina through CIEN also fit the Brazilian model, represented as a "frontier thermoelectric", which is dispatched when the hydrological situation required thermal energy complementation. In both cases, Itaipu Binacional and CIEN, the import of energy was possible because the commercial mechanisms adopted allowed the exporter to fit in the Brazilian operational logic . However, recent experiences of energy trade with Argentina and Uruguay followed a different logic.
When the importation of energy from Argentina, via CIEN, was unilaterally interrupted because of the energy crises in Argentina, finishing 20-year export contracts with Brazilian distribution companies, the frequency converters localized in Garabi began to be used occasionally to export power from Brazil to Argentina. These frequency converters are also sporadically used to allow the export of energy to Uruguay, passing through the Argentinian transmission system.
This energy export modalities practiced with Argentina and Uruguay are occasional. There is not a Brazilian commitment to export certain fixed amount of energy.Most of the time, the existing interconnections remain idle Imports has a more complicated situation. The import of power by Brazilian agents is very difficult to be incorporated into the current trade model. Currently, besides the exchange of surplus of hydropower generation to be returned without involving any cash transaction, there is also the interruptible energy import from Argentina 15 and Uruguay 16 . This type of importation involves weekly energy offers on the border of Brazil 17 aiming the sell the energy in the spot market and being paid according to the Settlement of Differences Price (PLD for its acronyms in Portuguese). This energy can only be traded in the spot market because the generators do not have a certificate of "physical guarantee" in the Brazilian market, which prevents them to obtain incomes through sale contracts.
The integration method adopted with Argentina and Uruguay, which involves the export and import of energy in an interruptible basis without long-term contracts and taking advantage of short-term opportunities with relatively simple rules of commercialization, has shown the benefits of intensifying the trading of energy surpluses for all the parties. Contracts aiming the exportation / importation of firm energy are also possible if the certain conditions are created. These conditions must give effective legal certainty for such commercial arrangements.
In order to allow the exportation of firm energy through long-term contracts to the Brazilian market, it will be necessary to develop a technical and commercial arrangement to match energy imports to a power plant operating in an optimal way within the Brazilian system.
Outlook for import and export of electricity in Brazil
There are negotiations between governments for using the water resources on the border, particularly with Argentina on the Uruguay River (hydropower plants of Garabi and Panambi) 18 and with Bolivia in the Madeira River 19 basin, with a similar scheme used for Itaipu Binacional. However, any agreements for the construction of binational hydroelectric plant between Brazil and other partner should consider trade mechanisms consistent with the current model adopted in SEB.
In principle, these projects need to meet the same model of Itaipu Binacional, which is operated within the Brazilian model logic. In this sense, there are not major problems related to the use of this model in binational plant projects, especially for the quota of 50 % that will be owned by Brazil.
Building a hydroelectric plant dedicated in whole or in part to export energy to Brazil and use it in accordance to the Brazilian system operating logic will probably impose restrictions on the energy optimization needs. To consider the local demand of the exporting country and make a joint optimization of the system, would be required that consumers of the neighboring country were indeed part of the Brazilian market by acquiring financial contracts of "physical guarantee .". Although this hypothesis, which is equivalent to the adoption of the Brazilian business model by another country, cannot be ruled out, it is unlikely to be achieved in the short or medium term.
In the case of exporting thermal energy to Brazil, it would be possible to structure a similar contractual modeling to the original scheme of import of CIEN, but with greater legal certainty. For this, from the formal and contractual point of view, the signing of an International Treaty would be needed, raising the energy commercialization to a relationship between countries and not between electric companies, as was the case of CIEN. Presently there is not any plan for Brazil to import thermal power from neighboring countries Due to the economic, political and energy asymmetries between Brazil and the other countries in the region, the major and faster opportunities for electric integration and international trade of electricity involving Brazil are the import and export of surpluses. The current contractual arrangements for energy trading adopted by Brazil with Argentina and Uruguay have used this logic and could be extended to other power plants. Important to notice that there is already a transport infrastructure to the Argentinian market and a large interconnection with Uruguay is being built.
Although there are functional mechanisms for trading energy surpluses using the existing interconnections, it is essential to create a legal, regulatory and commercial framework enabling the energy exchange of larger blocks of energy and with long-term contracts.
CONCLUSIONS
The energy integration process of Brazil, with respect to the electric sector can be divided into two phases. The first phase , which began in the 1970s , being the central focus the construction of the then largest hydroelectric of the world, Itaipu Binacional, which had a double and strategic goal: to ensure greater national supply with competitive costs.
The second phase of the integration process starts in 2003 and 2004, when Brazil redefined its strategic policy of regional economic integration, focused on Latin America. It is also important to highlight the role of power sector restructuration on [2003] [2004] . This process included: the recovery of state planning with the creation of EPE; use of new energy auctions as the main instrument for expanding the supply, formatting a new and consistent institutional framework and the BNDES role in financing the generation and transmission projects through the use of project finance mechanisms, directly linked to the auctions. This new model allowed Brazil to gradually return to exploit the hydroelectric potential, as well as creating a support for investments in wind energy, biomass from sugar cane and in generation from natural gas.
The business model was structured according to a unique and fundamental characteristic of the Brazilian power sector, the high prevalence of hydroelectric generation in the matrix. In this sense, the Brazilian model has specific characteristics that clearly distinguish it from the commercial arrangements prevailing in other Latin America countries. It is a model where energy itself is not traded, but financial contracts of "physical guarantee ". The electricity generating plants do not have contracts of physical energy and they do not have autonomy over its own production, being this determined by the ONS according to an optimization logic or all the electricity generation units.
In this sense, the electrical integration through the import and export of electricity in Brazil must respect the Brazilian business model. The characteristics and specificities of the Brazilian model determine boundary conditions that need to be observed in order to allow international trade of electricity. This involves, excepting for binational hydropower projects such as the project in the Madeira River with Bolivia and the hydropower plants of Garabi and Panambi with Argentina, that energy integration projects will depend on regulatory setting in order to adhere to the Brazilian business model. Especially for projects focused on exporting big blocks of electricity with long-term contracts and at competitive prices to the Brazilian electricity market.
In this sense, the dynamic of the electrical integration in South America with direct participation of Brazil is restricted to four possibilities. The first and simplest one, is the construction of binational hydroelectric plants based on the Itaipu Binacional successful experience. The production of a binational power plant is 50 % for each country and it is possible to define in the International Treaty that will endorse the trade agreement, the conditions for the trade of energy surpluses as was done with Paraguay in relation to Itaipu Binacional.
The second possibility is to model the energy imports by Brazil as a thermoelectric at the border, as happened with CIEN contract. This option is ideal for the import of thermal energy and its viability requires an understanding between countries, probably with an International Treaty to give legal certainty to commercial arrangement.
The third alternative, more complex, is the construction of hydroelectric plants (and the respective segments of transmission lines) in neighboring countries, and define the conditions for export to Brazil the portion of the energy production that won´t be consumed by the country of origin. The difficulties are great because the generating unit would have to submit to the Brazilian trade rules and to optimal and centralized dispatch criteria.
The fourth possibility is to trade energy surpluses in trade patterns that Brazil is already practicing, although sporadically, with Argentina and Uruguay. Selling and buying surpluses of power through short-term contracts that may be signed without a profound regulatory harmonization between the businesses models of the countries involved. In this case, each country seeks to ensure security of supply on its own market, counting in addition with the surpluses from a neighboring country and alternatively, with the option of selling the surpluses power. This type of integration has great scope for expansion, especially with countries with which Brazil already has interconnection.
